Stereospecific oxidation of diacetoxyheterobetulin with ozone and dimethyldioxirane led to 3,28-diacetoxy-18α,19βH-urs-20α,21α-epoxide with yields of 79% and 87%, respectively. Oxidation with ozone was not selective and gave two minor products containing 21α-hydroxy-20(30)-ene and 21α-hydroxy-20β,28-epoxy-fragments in ring E. The structures of 3,28-diacetoxy-18α,19βH-urs-20α,21α-epoxide and 3β-diacetoxy-21α-hydroxy-20β,28-epoxy-18α,19βH-ursane were confirmed by X-ray analysis for the first time.
Pentacyclic triterpenoids are widely represented in natural products and are useful substrates for the synthesis of a wide variety of important biologically active molecules [1] . In this context, new ways of oxidation of different positions of the triterpenoids core is of great importance [2, 3] .
Triterpenoids with a double bond in ring E are bases for oxidation transformations and the preparation of compounds with different molecular structures and biological activities [4] [5] [6] . In this work, we focused our attention on a taraxastane triterpenoid -heterobetulin (18α,19βH-urs-20-ene-3β,28-diol [7] or ∆ 20 -taraxasten-3β,28-diol [8] ), which has been prepared previously by the acid-catalyzed rearrangement of betulin into allobetulin and by opening of the epoxide fragment in ring E [9] . Its derivative heterobetulinic acid showed antitumor activity against melanoma comparable to or slightly better than that of betulinic acid [10] . The presence of the oxygen fragment in ring E seems to contribute to a better biological activity. For example, faradiol (∆ 20 -taraxasten-3β,16-diol) and its derivative with a 20α,21α-epoxide fragment possess antitubercular activity [11] , cichoridiol (18α,19β-20(30)-taraxasten-3β,21α-diol) and its diacetate from methanolic extract of seeds of Cichorium intybus demonstrated α-glucosidase inhibitory activity [12] .
We previously reported the synthesis of di-and triterpenoids and steroids with 1,2,4-trioxolane [13] [14] [15] , 1,2,4,5-tetraoxane [16, 17] , epoxide [18, 19] , oxetane [20] , lactone [21] , quinolone [22] fragments. Herein, we report the stereospecific oxidation of diacetoxyheterobetulin 1 with ozone and dimethyldioxirane.
Thus, oxidation of1 with dimethyldioxirane led to 20α,21α-epoxide 2in 87% yield (Scheme 1). The stereospecificity of oxidation was confirmed by X-Ray analysis of 2 ( Figure 1) . However, reaction of 1 with ozone was not selective and afforded a mixture of 20α,21α-epoxide 2 (79%), 21α-hydroxy-18α,19βH-urs-20(30)-ene 3 (6%) (i.e. product of epoxide normal expansion) and 21α-hydroxy-20β,28-epoxy-18α,19βH-ursan 4 (5%). Compound 4 seems to come from intramolecular cyclization with oxygen at C28, which was initiated due to adventitious traces of acid in CH 2 of heterobetulin 20,21-epoxide in alkaline or acidic medium was already described in [23] .
The structures and stereochemistry of compounds 2-4 were determined by 1 H and 13 С NMR spectra ( Table 1 ).The presence of a double bond moiety in compound 3 was indicated by the following 13 The probable mechanism of oxidation of 1 is described in Figure 4 . First, 1,2-cycloaddition of ozone to the С20-С21double bond occurs withformation of the 20,21-epoxide 2. Next, partial intramolecular rearrangements of 2 with the participation of СН 3 (30)-group double bond in the triterpenoids or their derivatives by ozonolysis was never observed, thus 3 is the product of a secondary conversion of epoxide 2.
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Experimental

General:
1 H and 13 CNMR spectra were recorded on a Bruker AM-300 spectrometer (500 and 75.5 MHz respectively, δ, ppm, J, Hz) in CDCl 3 , using tetramethylsilaneas internal standard.Melting points were determined on a microtable Boetius. Optical rotations were measured on a Perkin-Elmer241MC polarimeter (Germany) in a tube length of 1 dm. TLC analysis was performed on Sorbfil plates (Sorbpolimer, Russian Federation)using chloroform -ethyl acetate, 40:1. The substances were detected by dipping plates in a 10% solution of H 2 SO 4 followed by heating at 100-120ºC for 2 -3 min. The ozone generator used was Ozone-4K (Russian Federation). Dimethyldioxirane was prepared as described in ref [24] . Diacetoxyheterobetulin 1 wasprepared as described previously [9] .
General procedure of oxidation of compound 1 with dimethyldioxirane: 1 Equiv. of a dimethyldioxirane solution in acetone (~0.08 mol.L -1 ) was added in small portions with stirring at room temperature to a solution of 1 (0.1 g, 0.2 mmol) in acetone (10 mL). The mixture was stirred until the starting material disappeared (monitored by TLC). After completion of the reaction, the solvent was removed in vacuo, and the residue was recrystallized from ethanol to afford 2 (87%). General procedure of oxidation of compound 1 with ozone: A rapid stream of ozone was passed through a solution of 1(1.06 g; 2 mmol) in CH 2 Cl 2 (30 mL) at -40ºC until the starting compound disappeared (monitored by TLC). The solvent was removed in vacuo, and the mixture purified by column chromatography eluting with benzene, then chloroform to afford compounds 2 (79%), 3 (6%) and 4 (5%). 
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